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Introduction

The space confinement and warm iron shielding en-
visioned for the superconducting magnets of the Fermi-
lab Energy Doubler impose high demands on the insulat-
ing support system with regard to stiffness and thermal
conductance. In order to adjust the minimum heat load
to a reasonable refrigeration power a study of the heat
conduction through the support was undertaken. The use
of multilayer insulation can reduce the infrared radia-
tion load to a small fraction of the conduction load.
This study involved the design of several possible sup-
ports, steady-state thermal analysis calculation for
two supports, and the developwent and use of a new
method for measuring their thermal conductances. In
this contribution we stress the thermal conductapce
measurements.

Support Description

In the present magnet configuration the radial
space available for vacuum insulation is limited by two
concentric cylinders, the inner ome at liquid He temp-
erature with 13.72 cm OD and the outer one at room
temperature with 20.32 cm ID. Piped He gas is available
in this space for cooling heat interceptors to tempera-
tures near 20K. The general shape of the supports
tested is shown in Figure 1, a split ring with protru-
sions outwards contacting the wall at room temperature
and inwards pressing the liquid He temperature tube.

Fig. 1. Sketch of the six protrusioms’
model support.

Holes are provided for contact to heat interceptors and
the passage of their He gas piping. The ring dimensions
agye such that both at room temperature and at operating
‘temperatures the support is always under a stressed
condition so as to keep the magnet properly centered.
The axial thickness of the support is determined by the
desired modulus: 1.9 cm for model G1l0-2 and 1.27 cm
for model G10-3.

Calculation

A computer analysis of the support was made using
a Nodal Network Thermal Balance Program.l The support
and the multilayer insulation were simulated by a set
of a few hundred nodes. Each node connected by thermal

#Operated by Universities Research Assoclation, Inc.,
under contract with the U. S. Energy Research and
Development Administratiom.

March 1975

conductances to every other node with which it exchanges
energy; the energy exchanges being by both conduction
and radiation. Some nodes act as energy sources or
sinks. An energy balance equation is set up for each
node whose temperature is unknown. The computer pro-~
gram solves the resulting set of simultaneous equations
for the nodal temperatures; it also computes the energy
transfers through each conductance so that relevant
heat transfers are readily available. The conductances
used are functions of temperatureZ; therefore, during
the iterative solution process, the coefficients in the
set of equations underwent changes. The effects of
relatively simple changes in the geometry of the support
on its thermal performance were predicted. Such stud-
ies are usually sufficient when a limited number of
supports are considered. In our case, however, a few
thousand supports are to be used and the actual perfor-
mance of an individual support should be measured as a
safeguard against the unavoidable assumptions involved
in the calculation. A good knowledge of the performance
of this critical element of the magnet cryostat should
prove invaluable later on in the minimization of the
total heat load.

Method

The method developed to measure the thermal resis-
tance Ry of the insulating support between the heat in-
terceptors and the wall at liquid He temperature is
based on. thermal conductivity measuring techniques.3
The cooling of the heat interceptors is accomplished by
a calibrated copper strap. The thermal-resistance of
the combined system (copper strap in parallel with R2)
is measured by electrically heating the heat intercep-—
tors and recording their temperature change. In a
graph of interceptors temperature versus electric heat-
ing the slope at a given temperature is the thermal re-
sistance of the combined system, from which we calcu-
late Ry using the formula for 2 resistors in parallel
and the known (actually, independently measured) ther-—
mal resistance of the copper strap. In general the R)
thus obtained is good only at one temperature; however,
if the thermal conductivity of the material involved is
temperature independent, as happens in our casel for
temperatures below 60K, this value of R can be used
for calculating heat loads into the liquid He for inter—
ceptors temperatures below 60K. It should be pointed
out that this method discriminates conduction heat from
radiation heat. The effect of the thermal resistance
Ry of the insulating support between the heat inter-
cepts and the wall at room temperature on R2 is negli-
gible to the first approximation.

The actual set .up involves: (1) attaching the
support with parts that simulate the outer wall, Tg,
and the interceptors or shield, Tg, to a cold finger
that simulates the wall at He temperature, Ty, as indi-
cated in Figure 2, and (2) properly instrumenting these
parts with heaters and thermometers. Therefore, the
measurements are carried out in the vacuum space of a
very simple dewar and the interpretation is guided by
the thermal circuit shown in the insert of Figure 2,

A good experimental value for Ry can be obtained by ad-
justing the power Q; into the heater of TR to a value
that keeps it at the temperature of the dewar wall.
Then R} will be given by Ry = (TR - Tg)/Qq where the
labels TR amd Tg have been used to indicate the temper-
ature of the parts they represent. Infrared radiation
loading of Ts and Ty is minimized by use of multilayer
insulation (not shown in Figure 2) and thus long-time



constants are involved in this determination of Rj.
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Fig., 2., Simplified drawing of the
apparatus and related thermal circuit.

Results

Computer calculations and experimental data ob
tained from 4 different conditions are presented in
Table I. The geometry of the 2 model supports used are
similar to the one shown in Figure 1, except for the
fact that one has four-fold symmetry instead of six-
fold. Included with the thermal data is a modulus
parameter4 related to the mechanical strength of the
support. Later mechanical tests determined that six-
fold symmetry would be required to achieve the neces-
sary strength modulus. The experimental data, defined
throughout the text, is used to present the results in
terms of the heat loads that the measured thermal con—

measured the thermal conductivity of the fiberglass
epoxy (Cl0) material actually used and found it to be
different (larger by factors like 1.3 at 20K, 3.0 at
90K) from the one used in the calculations.? With this
correction the agreement is expected to be excellent,
The thermal resistance to the 4,2K wall is very sensi-
tive to the positioning of the interceptors and is re~
sponsible for the small value of Rg in the model G10-3.
Electrical analogical simulation of this region® of the
support leads to this conclusion, From these results
we can conclude: (1) that the computer calculations
give valid results if the contact resistances can be
well determined as seen in case G10-2-1, (2) that comn-
tact resistances actually cause dramatic changes in the
thermal resistances of the support, and (3) that proper
aluminization of the support above the interceptor
temperature improves substantially the thermal resis-
tance to room temperature (as seen by the values of Tg
and Ry between G10-2-2 and G10-2-3); while aluminiza-
tion at the low temperature portion might be detrimen-
tal.
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ductances (R; and R2) would conduct to interceptors at unpublished,
20K and to the wall at 4.2K assuming the room tempera-
ture wall at 300K. The use of Indium gaskets at con-
tact surfaces allowsus to compare the experimental re-
sults with the computed calculated data. We recently
TABIE T
Support Model and Condition G10-2~-1 G10-2-2 G10-2-3 G10-3
Number of Symmetric Protrusions 4 y 4 6
Special Treatment Contact Using No Glazed and Glazed and
. Indium Gaskets ne Aluminized Aluminized
Experinental Data
Ql (watts) 3.7 2,85 2.15 2.74
Tg (Q2=0)(K) 25.2 27.8 17.9 27.2
R2 (K/w) 87.8 316.0 112.0 37.6
Rl (K/w) 75.1 92.1 128.¢ 97.9
Modulus (1b/mil) 50,7 50.7 50.7 132.¢C
Heat Load into 4.2K wall
(watts)
Calculated (Ref. 1) .13 - - -
(20—-4.2)/R2 ‘ .18 .05 Wb A2
Heat Load into 20K Intersepts
(watts)
Calculated (Ref. 1) 2.6 - - -
(300-20)/Rl 3.55 2.99 2.05 2.4y
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apparatus and related thermal circuit.
Results

Computer calculations and experimental data ob-
tained from 4 different conditions are presented in
Table I. The geometry of the 2 model supports used are
similar to the one shown in Figure 1, except for the
fact that one has four~fold symmetry instead of six-
fold. Included with the thermal data is a modulus
parameter’ related to the mechanical strength of the
support. Later mechanical tests determined that six-~
fold symmetry would be required to achieve the neces-
sary strength modulus. The experimental data, defined
throughout the text, is used to present the results in
terms of the heat loads that the measured thermal con-

measured the thermal conductivity of the fiberglass
epoxy (Gl0) material actually used and found it to be
different (larger by factors like 1.3 at 20K, 3.0 at
90K) from the one used in the calculations.Z With this
correction the agreement is expected to be excellent.
The thermal resistance to the 4.2K wall is very sensi-
tive to the positioning of the interceptors and is re-
sponsible for the small value of Ry in the model G10-3.
Electrical analogical simulation of this regiond. of the
support leads to this conclusion. From these results
we can conclude: (1) that the computer calculatiomns
give valid results if the contact resistances can be
well determined as seen in case GlL0-2-1, (2) that con-
tact resistances actually cause dramatic changes in the
thermal resistances of the support, and (3) that proper
aluminization of the support above the interceptor
temperature improves substantially the thermal resig-
tance to room temperature (as seen by the values of Tg
and Ry between G10-2-2 and G10-2-3); while aluminiza-—
tion at the low temperature portion might be detrimen-
tal.
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ductances (Ry and R2) would conduct to interceptors at unpublished.
20K and to the wall at 4.2K assuming the room tempera-
ture wall at 300K. The use of Indium gaskets at con—
tact surfaces allowsus to compare the experimental re-
sults with the computed calculated data. We recently
TABLE I
Support Model and Condition ' Gl0-2-1 G10-2-2 G10-2-3 G10-3
Number of Symmetrie Protrusions 4 4 4y 6
Speclal Treastment - Contact Using Yo Glazed and Glazed amd
, Indium Gaskets e Aluninized Aluminized
Experimental Data
Q1 (watts) 3.7 2.85 2.1 2.4
Tg (Q2=0)(K) 25.2 27.8 17.9 27.2
R2 (K/w) 87.8 316.0 112.0 37.6
Ry (KAw) v 75.1 92.1 128.0 97.9
Modulus (1b/mil) 50.7 50.7 50.7 132.0
Heat Load into 4.2K wall
(watts)
Caleulated (Ref. 1) A3 - - -
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Heat load into 20K Intersepts
(watts)
Calculated (Ref. 1) 2.6 - - -
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